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Introduction
Improving the critical transition temperature (T C ) of superconductors is important; however, considerable challenges exist. In 2011, Cavalleri et al. used a mid-infrared femtosecond laser pulse to induce the transformation of La 1.675 Eu 0.2 Sr 0.125 CuO 4 from a nonsuperconducting into a transient three-dimensional superconductor [1] . The behavior of transient superconducting transition in La 1.84 Sr 0. 16 CuO 4 , YBa 2 Cu 3 O 6.5 , and K 3 C 60 was observed by using similar experimental methods [2] [3] [4] [5] . The said researchers reported that laser pulse causes lattice distortion and induces transient superconductivity. Since then, the use of light to change the superconducting properties of materials has been gradually recognized. Scientists discovered the high-temperature superconductor BiSrCaCuO (BSCCO) with a T C beyond 100 K in 1988. BiSrCaCuO superconductors are promising materials for technical and industrial applications due to their several advantages, such as low oxygen sensitivity, containing no rare earth, and high T C [6] [7] [8] [9] . BiSrCaCuO is a high-temperature superconducting material, and its general formula is Bi 2 Sr 2 Ca n−1 Cu n O 2n+4 , where n=1, 2 and 3, with corresponding superconducting phases of Bi-2201 (T C =20 K), Bi-2212 (T C =85 K) and Bi-2223 (T C =110 K), respectively [10] [11] [12] [13] [14] [15] [16] [17] [18] . Pure Bi-2223 and Bi-2212 single phases are difficult to obtain because they are symbiotic with each other, especially when forming the Bi-2223 phase [19] [20] [21] [22] . However, partial replacement of Bi by Pb can increase the volume content of the Bi-2223 phase, thereby making it easy to synthesize and increasing its stability [23, 24] .
Although Bi-based superconductors are called high-temperature superconductors, a large gap still exists between its critical parameters (especially the superconducting transition temperature T C ) and the large-scale practical application. So Bi-based superconductors should be modified to increase its superconducting transition temperature T C . At present, a commonly used method is chemical doping, for example, doping with elements, such as Cs [25] , Al [26] , Ce [27] , and Pb [23, 24] in a Bi-Sr-Ca-Cu-O system. However, this method exhibits no significant increase in the superconducting transition temperature T C . Subsequently, nanomaterials have been introduced for doping, for example, doping with Al 2 O 3 [28] , SnO 2 [29] , ZrO 2 [30] , MgO [31] , MgCO 3 [32] , and Ca 2 B 2 O 5 [33] . However, the results are unsatisfactory because most dopants are unstable at high temperature and react with the superconductor. Therefore, a suitable material for doping should be determined to ensure the stability at a high temperature and the increase of T C .
Metamaterial, a type of artificially structured composite material, is composed of the matrix material and its unit material. The metamaterial properties are not primarily dependent on the matrix material but on the artificial structure. Many special functions can be obtained through various artificial structures [34] [35] [36] . With the development of metamaterial, the use of the metamaterial concept to design superconductors and affecting its T C has been gradually recognized by scholars. In 2007, our group introduced inorganic electroluminescence (EL) material in superconductor to enhance the superconducting transition temperature through EL. Jiang et al. [37] first introduced uniformly distributed ZnO nano defects with a doping concentration of 1 wt% in Bi(Pb)SrCaCuO (B(P)SCCO) superconductors. The effects of different doping methods on the superconducting transition temperature and morphology of B(P)SCCO superconductors were investigated. The results of the standard four-probe method indicated that samples doped with ZnO EL material showed an evident performance belonging to high-temperature superconductors. However, the doping of ZnO EL materials caused a slight decrease in the B(P) SCCO +Ag topological luminophor inhomogeneous phase distributed around the B(P)SCCO particles. In the local electric field, the B(P)SCCO superconducting particles act as microelectrodes, which excite the EL of Y 2 O 3 :Eu +Ag topological luminophor to form a composite particle structure. The B(P)SCCO superconducting particles are used as the matrix material, and the Y 2 O 3 :Eu 3+ +Ag topological luminophor distributed around the B(P)SCCO particles are used as inhomogeneous-phase dopants. When measuring the curve of the temperature dependence of resistivity (R-T) of the samples, the B(P)SCCO particles act as microelectrodes, thereby stimulating the EL of inhomogeneous-phase EL materials. The T C of B(P)SCCO will be improved by EL energy injection. Adjusting the applied electric field to control the EL of Y 2 O 3 :Eu 3+ +Ag topological luminophor may alter the T C of this smart meta-superconductor, thereby achieving a smart meta-superconductor. obtained by changing the raw material from the above-mentioned procedures.
Experiment 1. Preparation of inhomogeneous-phase dopants

Preparation of pure B(P)SCCO superconductor
A certain amount of raw material was weighed according to the molar ratio of Bi 2 O 3 :PbO:SrCO 3 :CaCO 3 :CuO=0.92:0.34:2.00:2.00:3.00. The powders were mixed and grounded, followed by ball milling for 20 h at a speed of 500 r/min in an appropriate amount of anhydrous ethanol. The slurry was then dried at 60 °C to obtain gray powder. The dried gray powder was placed in a tube furnace, kept at 830 °C for 10h, cooled to room temperature and then grounded in an agate mortar. The process was repeated once to obtain B(P)SCCO calcined powder. The calcined powder was sufficiently grounded and then kept at 10 MPa for 10 min to form a pellet of 12 mm diameter and 2 mm thickness. Finally, the pellet was placed in a tube furnace at 830 °C for 10 h to obtain a pure B(P)SCCO sample.
Preparation of inhomogeneous-phase doping B(P)SCCO superconductors
Inhomogeneous phase dopants and B(P)SCCO calcined powder were mixed in 20 mL of ethanol and stirred 20 min with a magnetic stirrer to form a suspension. The suspension was transferred into a culture dish after 20 min of sonication and dried in a vacuum drying oven at 60 °C for 4 h to obtain black powder. The black powder was then fully grounded and kept at 10 MPa for 10 min to form a pellet of 12 mm diameter and 2 mm thickness. Afterward, the pellet was placed in a tube furnace at 830 °C for 10 h to obtain the corresponding inhomogeneous phase doping B(P)SCCO sample. Figure 3 shows the XRD patterns of the pure B(P)SCCO sample and different inhomogeneous-phase doping samples prepared by solid-state sintering. The characteristic peaks of high-temperature phase Bi-2223 and low-temperature phase Bi-2212 are labeled by a rhombus and triangle, respectively. The peak positions and intensities of diffraction indicate that all samples comprise a mixture of high-temperature phase Bi-2223 and low-temperature phase Bi-2212, and no other impurity phases are detected. Besides, the addition of dopants has not introduced other impurity phases. In this study, all peaks of the Bi-2223 and Bi-2212 phases have been used for the calculation of the volume content of the phases. The volume contents of the high-temperature phase Bi-2223 and low-temperature phase Bi-2212 calculated using the following equations [47, 48] are listed in Table 1 : Table 1 illustrates that the volume contents of the high-temperature phase Bi-2223 in the doped samples are slightly decreased, and that of the low-temperature phase Bi-2212 in all prepared samples are more than 50%, which result in a wide superconducting transition width and a low T C . +Ag. The electrical resistivity is measured using the standard four-probe method. The samples show a superconducting transition between 50 K and 120 K. The two characteristic temperatures, namely, onset temperature , and zero-resistivity transition temperature ,0 , on each R-T curve are discussed. (1) The black curve shows the R-T curve of pure B(P)SCCO. The ,0 and , of pure B(P)SCCO are 57 K and 101 K, respectively. The low transition temperature may be due to the low sintering temperature, extremely short sintering time, and insufficient grinding of each sintering. (2) +Ag topological luminophor is distributed around B(P)SCCO particles to form a metamaterial structure with a special response. When testing the R-T curve of the sample, the B(P)SCCO particles act as microelectrodes, thereby stimulating the EL of the inhomogeneous-phase EL materials. The T C of B(P)SCCO can be improved by EL energy injection. (3) The transition temperature increases the most when the doping concentration is 0.1 wt%. At this time, ,0 and , increase by 13 K and 4 K, respectively. (4) The amplitude of the increase in transition temperature decreases with the increase of the doping concentration. and ,0 shows a slight increase. This finding confirms that the increase of transition temperature is the effect of EL rather than the influence of rare earth elements. 
Conclusion
Based on the idea that injecting energy will promote the formation of Cooper pairs, a smart meta-superconductor B(P)SCCO is constructed according to the method of metastructure, which consists of B(P)SCCO particles and Y 2 O 3 :Eu 3+ +Ag topological luminophor to form a composite particle structure. In the local electric field, the B(P) SCCO +Ag topological luminophor is experimentally prepared. The volume content of the low-temperature phase Bi-2212 in all prepared samples is more than 50% by XRD characterization, which results in a wide superconducting transition width and a low T C , and the high-temperature phase Bi-2223 in the doped samples are slightly decreased. The SEM and distribution of chemical elements indicate that the prepared samples are randomly oriented and exhibit an irregular blocky structure. The addition of the dopants does not affect the formation and microstructure of B(P)SCCO. The inhomogeneous-phase dopants are distributed around the B(P)SCCO particles and formed a metastructure, so the effectiveness of EL in improving the ,0 and , of B(P)SCCO can be fully reflected. The evident enhancement effect is 0. +Ag topological luminophor generates an EL under the action of an applied electric field, which can excite B(P)SCCO superconductor, thereby improving its T C . It's significant to improve the T C of high-temperature superconductor B(P)SCCO, in this study we construct a smart meta-superconductor B(P)SCCO to promote the formation of Cooper pairs via EL energy injection, this provides a new idea for improving the T C and practical application of high-temperature superconductors. 
